Background A thinned anterolateral thigh (ALT) flap is often harvested to achieve optimal skin resurfacing. Several techniques have been described to thin an ALT flap including an adipocutaneous flap, an adipofascial flap and delayed debulking. Methods By systematically reviewing all of the available literature in English and French, the present manuscript attempts to identify the common surgical indications, complications and donor site morbidity of the adipofascial variant of the ALT flap. The studies were identified by performing a systematic search on Medline, Ovid, EMBASE, the Cochrane Database of Systematic Reviews, Current Contents, PubMed, Google, and Google Scholar. Results The study selection process was adapted from the Preferred Reporting Items for Systematic Reviews and Meta-Analyses statement, and 15 articles were identified using the study inclusion criteria. These articles were then reviewed for author name(s), year of publication, flap dimensions and thickness following defatting, perforator type, type of transfer, complications, thinning technique, number of cases with a particular area of application and donor site morbidity. Conclusions The adipofascial variant of the ALT flap provides tissue to fill large defects and improve pliability. Its strong and safe blood supply permits adequate immediate or delayed debulking without vascular complications. The presence of the deep fascia makes it possible to prevent sagging by suspending and fixing the flap for functional reconstructive purposes (e.g., the intraoral cavity). Donor site morbidity is minimal, and thigh deformities can be reduced through immediate direct closure or liposuction and direct closure. A safe blood supply was confirmed by the rate of secondary flap debulking.
INTRODUCTION
Song et al. [1] described the vascular anatomy of the anterolateral, anteromedial and posterior thigh flaps in 1984. They harvested the anterolateral thigh (ALT) flap in 9 patients suffering from head and neck contractures following burn injuries. However, the ALT flap is now known to require a thickness adjustment to fit the defects being corrected, particularly in Caucasians [1, 2] . To achieve good aesthetic and functional reconstructive outcomes, the proper thickness of the anatomical area to be re- constructed is used to determine the appropriate flap thickness. With this aim, several techniques have been described to thin the ALT flap, including the adipocutaneous flap, the adipofascial flap and delayed debulking. Herein, we review the ALT flap adipofascial configuration with special attention to the specific complications. By systematically reviewing all of the available papers, the present manuscript attempts to identify the common surgical indications, complications, and donor site morbidity of the adipofascial variant of the ALT flap.
METHODS

Study design
In this systematic literature review, we evaluated all of the available papers focusing on the adipofascial ALT flap and collected the following data: author name(s), year of publication, flap dimensions and thickness following defatting, perforator type, type of transfer, complications, thinning technique, number of cases with a particular area of application and donor site morbidity. All of these data were considered essential to properly investigate the adipofascial ALT flap. The published studies were searched and reviewed, and the data were collected as follows.
Search strategy
The studies were identified by performing a systematic search of Medline, Ovid, EMBASE, the Cochrane Database, Current Contents, PubMed, Google, and Google Scholar. The English and French versions of the identified articles and conference abstracts were then cross-referenced. The search terms used for the online search included anterolateral thigh flap, thinned anterolateral thigh flap, ultra-thinned anterolateral thigh flap, super-thinned anterolateral thigh flap, thinned flap, ultra-thinned flap, superthinned flap, thin flap, micro-dissected thinned flap and thinned flap, adipofascial flap and adipofascial anterolateral thigh flap. The results were then screened for titles and abstracts. When in doubt about the inclusion in our work, we reviewed the entire article for the adopted inclusion criteria ( Table 1 ). The references were checked to identify additional papers. A flowchart of the systematic article selection is shown in Fig. 1 . The data collection was updated on April 30, 2012.
RESULTS
The literature search yielded a total of 690 articles that were published between April 1984 and April 2012. We identified 15 articles fitting the inclusion criteria. Data collection was performed according to the inclusion and exclusion criteria (Table 1) , and the results are summarised in Table 2 . Fifteen papers were identified that reported on the immediate thinning of the adipofascial ALT flap technique and that were published between 2000 and 2011 [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] . ; it was not available in two cases [3, 17] . The initial flap thickness was unavailable in all of the papers [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] . The reported flap thickness following defatting ranged from 0.5 to 2.8 cm (mean flap thickness, 0.64 cm) [4, 5, [10] [11] [12] [13] [14] [15] [16] [17] and was not available in 5 papers [3, [6] [7] [8] [9] . Musculocutaneous perforators were used in all the cases during flap rising, but the type of perforator was not available in 2 papers [3, 6] . ALT flaps were transferred as free flaps in 14 papers [4] [5] [6] [7] [8] [9] [11] [12] [13] [14] [15] [16] [17] , with the exception of Wang and co-workers, who harvested pedicled ALT flaps for knee defects [10] . All authors performed defatting using dissecting scissors before pedicle ligation to achieve proper haemostasis [4] [5] [6] [7] [8] [10] [11] [12] [13] [14] [15] [16] [17] , but the defatting technique was not available in 3 cases [3, 6, 9] . Thinning-related complications were reported in two papers and consisted of 2 cases of partial liponecrosis that did not require further revision [12, 13] . A total of 175 adipofascial ALT flaps were harvested for head and neck reconstruction [3, [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] : 127 flaps were used for monolateral [6] [7] [8] [9] 12, 13, 15] or bilateral [3] facial atrophy correction, 37 flaps were used to repair post-oncologic defects of the head and neck [17] , and 11 flaps were harvested to repair intraoral defects [5, 16] . Eleven flaps were harvested for lower limb reconstruction as free [4] or pedicled [10] flaps, and 5 flaps were used for upper limb reconstruction [4] . It was not possible to deduce the number of flaps according to the anatomical area in one case [15] . Direct donor site closure was achieved in all the cases [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] . Secondary flap debulking was required in 10 papers and was performed through liposuction [3, [7] [8] [9] [11] [12] [13] 15, 17] , skin grafting [4] , and surgical revision [6, 8, 17] . The authors performing liposuction or revision waited at least 6 months after the primary operation [3,7-9,11-13,15,17], while skin grafting was performed earlier after ALT harvesting [4] . Flap re-suspension was performed in 3 papers, and in all three papers, debulking and suspension were performed simultaneously [8, 12, 13] .
Overall analysis
Because almost all of the flaps reviewed were transferred to another area of the body using microsurgery, other than Wang et al. who used pedicled flaps [10] , we collected a uniform cohort from which to draw conclusions and recommendations. This review demonstrates that secondary debulking and flap sagging are the most frequent complications. Delayed debulking occurred in 32% (51/163 flaps) of the cases, and flap sagging requiring resuspension occurred in 8% (13/163 flaps) (Fig. 2) . Both complications occurred in patients undergoing reconstructive surgery of the head and neck. Moreover, it appears that adipofascial flaps are primarily limited to volume restoration of the head and neck [3, [6] [7] [8] [9] [11] [12] [13] [14] [15] 17] but can also be harvested for intraoral [5, 16] and limb reconstruction [4] [5] [6] [7] [8] [9] [10] .
DISCUSSION
The aim of this study was to systematically identify the common surgical indications, complications and donor site morbidity of the adipofascial variant of the ALT flap (Fig. 3) . Primary thinning of the adipofascial ALT flap does not affect the stronger blood supply provided by the subfascial plexus, and this is confirmed by the absence of vascular-related complications. This last issue can be explained because the perforating vessels run perpendicular after passing the deep fascia, as shown in Fig. 1 [12, 18] . This hair-lacking configuration can be trimmed to 2 mm and used with sub-optimal results on almost every area of the body [4] . The deep fascia prevents linkage or sagging by anchoring the flap to the underlying structures, such as the periosteum [6] . When ALT flaps are harvested to reconstruct oncologic defects, it is advisable to perform a volume overcorrection of approximately 10% in anticipation of radiation-associated soft tissue atrophy [17] . A small skin island can be harvested for clinical monitoring or to decrease wound tension in the recipient wound bed [15, 17] . The fat aspirated during secondary debulking can be re-injected to achieve an almost perfect symmetry, which is particularly important for facial correction, or to depress scar revision of the thigh [13] . The absence of different skin textures and colours makes it possible to bury the flap for facial volume correction or to obtain spontaneous mucosalization and to avoid a patch-like appearance [5, 16] . When used for lower limb reconstruction, ALT flaps provide a gliding surface for tendon movement and also decrease the tendency of the flap to create adhesions [4] . More importantly, superior functional and aesthetic outcomes are achievable with an associated low morbidity at the donor site compared to the adipocutaneous variant of the flap. The ALT flap gained great popularity in mainland China, Taiwan, and Japan based on its versatility, the twoteam approach and low donor-site morbidity. However, due to several variations in the vascular anatomy of the perforators, the ALT flap has not been met with the same enthusiasm in Europe and North America. These disadvantages can be overcome by increased surgical experience and the ability to harvest a thinner flap through accurate suprafascial dissection or thinning the flap in the adipofascial configuration. Donor site morbidity has been reduced through primary closure in almost all of the cases. Although this can create a variable scar depression, it can be easily revised later.
CONCLUSIONS
The adipofascial ALT flap can be successfully elevated and transplanted for the correction of soft tissue defects of several types and sizes. This flap provides tissue to fill large defects and improve pliability. It has strong and safe blood supply that permits adequate debulking both immediately or delayed without vascular complications. The presence of the deep fascia provides the possibility of preventing sagging by means of suspension and fixation to functional reconstructive purposes as in the intraoral cavity. Donor site morbidity is minimal and can be achieved by immediate direct closure or liposuction and direct closure to mitigate thigh deformity.
